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(57) mm] 

»f©p- (A l 0 . 7 Ga 0 . 3 ) 0 . sl 
I n M! P^-; KJI5©— gB#£JBft©* h5>f7'T? 

Xb5>(7©«©p- (A l,.,Ga,.,) o.si 
In,.„P?7? KJB5_htCn- (A l,.,Ga,,,) 
o.si I n 0 .„ Pjf7 v n- (A 1 o. , G a 0 . 3 ) o . 5a I n 

©^©h^m^x b ? ^ ^^©h^to^j: 

DO. 0 2<g< fco-COS. 



6 p- 




Gao.siIno.49pS 
10 pfllttt 

/ y 8 n (ALo.7GOt)j)o3lIno.49 



^7 n 



11 n(8!)SS 



"( Alo^Gao^. )o^i I rta.49 
4 Gao.5iIna49PSttJS 

3 n^^lQ.^ao-3)o^iIno.49 

2vT GaAs/^yJB 
1 n~GoAs3}£ 



1 

(Di'^ -j Flit, KffittHOX h 5 -f ^K3fJi1lg«K* 

0 , S9 1 «Mt^o » ?At& R-tt©? 7 7 FJBOJB 
JWJ:*J*>W»JBlT**irr4¥«MI , C*-»T. 3HS io 

U-tf. 

& -3 rgtf i T.Yv-i y -j %> £?r b rfc o , 
HMian i afi-r n •> dratt. m.* y 5 ^ y » y 

fM>«wlt«-5rt>S3|5iw*u--- if. 

[ ift&g 3 ] huI Bttiftfg&Jni . ■ IJS28 1 n j» * 20 

jKciiswffB*^ L/ t raMM?&*nt#>g 2 kg 

Y=?4 sm y v yoKfflsw. *n £?i 3 cciaiK 

v v a -m y » y©Kffljw. *s«M8B 3 tela 30 
«©4**ttu— y. 

rteO. 

iitiBfSttJitt. Ga I nP*e>^3tlT*J9. 

05 » F««. A 1 Ga 1 nPrt>6ffM$ft-a>SfiS* 

[ti*3B7 ] SusaiSttitt. *«*F#F«a**ur 
t»siM&a 1 ccta«©**ft u-tf. 
[tS#18] WE-St©*?* fb©5 •£©-:£«> lil 40 

ass 1 noftT'a ? * h *tfc*c ti* 1 msa&Exm 2 s 

L x i -sssMai 1 Kg$S©*#<* u — if . 
[if #9 9 ] buIB¥'¥($S®«, C a A s rt»yBJ3E3ft 
Tfc<3. 

friefSttHW, I n G a A s B^^'Cte *J > 
mU-no'p^y FSa. Ga I nP*>6JB0i84TCfe 

0. 
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r I » 4 «3jafi 8 (cf Btg©¥^ft u — tf . 
s». Sfc. 

Si*7s FH*jfcfifc-f axgt. 

^gtt«±(C»2 *7 ? F»±«t5R*J&£?SXg 
i, 

^©^fcjMRWJCi ciKJ: 9 > Rf 

awu— yoajBttffiawciKfS* h^-f 7tty *s>» 

TSXgi, 

2 * 7 v km© 5 tiK* 1- 5 y » ysptw© 

1 ¥^»H ; i-^)?s-rsxs<b > 
^i*^i*fi±{c. wimmomm^m^iohfr^m 
t-ri >s» 2 s^j«r 4xe t . 
u • - if ©si&m 

[0 00 1] 

[o 00 2 ; 

©fiBtt**Lri>a. «tn?t>. (a i.Ga, .) 

In,,P 3fi©tt«tt . SSI©S«itf f+'C* -5 G a A s 
KttOTflhFS^l/, il^x€:^it31±4C<fr-0. 6 
8um*60. 5 R it m©luffirt©ffiS©iSg*fl-rS 

u — v itznz c t tfivft h tc#>& a s n-c <,> * . 
[ooo3] wt. s 1 oigffibxm&yz?)^?- 

*»»u-WJi»rW8r*. c©W*u— jftt. 
01 OJC^TJ:^^, n-CaAsifiUKn-Ga 
As-''?7 7tI12, n - (A l 0 .,Ga,.j) 0 . S1 I n 
,.„P>7vFI3, Ga,.„ I n,.,,P?£ttJS4, p 
- (AU. 7 Ca t . l ),. sl [n,. 1! P?7-yFI5, 
p-Ga,,„ I n,.,,PfflB. n -Ga A s^jS^a i 
^J113, p -Ga A s=F-f y-yjg9€:C©JiCC<i^."C 
C^o *Of*» 7-ji9±KBpffllJSffil 0*5, SfcS 

1 ©ISffiCCtt n fflaffi 1 1 hXi,>Z>. 
[0 00 4] C©**f*U-»f-C«, W^Jg«fflft£g 
W. (MO V P ES) ft ^©ttSlKKKffiaWB^ 5*i5. 
Cti6©<gaESSatB*fflt»r. n-GaAslfli 
Kn-GaAs^-;V7i2, n- (Al,.,Ga,,,) 
o. 1 ,ln,., ! P>77F13 l G a, . i, I n,.„Pffitt 
J14 . p - (A l,.,Ga,.,) „.,, 1 n,.,, P^ v y F 



(3) 

3 

B5i5«fctf p Ga..„ I n„. 4i PH6*IB**SW 
-5, 

[ 0 0 0 5 ] F y V 4? 7 7 -< -JMB 4. * » * 
83B(c«fc«3. p Ga,.„ I n...,PB6 tp (A 1 
».rGa 0 .j) ».it I n,. 4 ,P£»5r» FB5 ££"SJf5Mc 
X 9 9 OT X h 7 A V 9 is* 0 7 9 FB 5 
fiW*. tOftMOVPEffi&tfcB^'tn GaAs 

wtii-Ju v om n^xt-?-/ y©?»aiiRimcttfg 
:ooo6] c ©£ *> K^mft u — tr©»jir « . n 10 

GaAs HS^n 9 ?B 1 3«C <fc •) «S(EO»sp*tf 0 C 
Sfcp- (A 1 ,.,Ga,.,) o.si I n 0 . 4} P 
*7 9 K15ti%»±K*»*>y-rslBlC. £B©iS 

«r^r*2«WIWr*«**««©^ F v Y 7-©iW? 
■owict^-r*. r£14B4©5^ *7?FB5®x 
F 9 Y *tt 0 v srF»K**»*«w:Bl D c j6S c £ 

[0 00 7 ] 

:«w*i»i*i/j:^i-»"4Wi] icw wwm 20 

«X?B, IJfc^Dji'iiLT, tiSttJB«fc f Jfe^«HMl 
tf/hS^GaAsfcjmVtlr**. C©fca?>. COGaA 

< . U— !f ©£J8Sfl 

©*6». *»t* b -irofl^wfs&s** 6 0 % £ 

/h3<fc*« Sfc. CO^iWtU— • 
MJfil 2mW£/jM*t>. F**£{M-* 
C£{c<fc9£DS#. Ill 0©ftjSrW:S**- KiiKf 

H £ OfflKDif 3 (3 £**# < < . S A*» 30 

4. ttaaas^saws < . s*«*- Fossa 

[0008] C (D^BjOg^ti, C © «fc 0 &BS&JB& 

Ai*MM*»?ft*ftirr*. j&me- f©& 

:o 0 0 9 ] 

Bttifrca-aT, r£ttB£. ttismtftO-tfo?? 
•j FB£. KSttBOX F 7 «f 7 r ti@r£ft*<c.ti**£ 

^««K»js^4«w^f©«««cje«ss*ifc» i n 

9fe7*a v ^jg^{|^ri5fp . I&S l WMrfa 9 own. 
ff«**Lr*tf). -eocitcio. ±EStt#Jtift<* so 
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[ooio] tozmmiru. m&-ii<DOv 9 FB© 
9 MidtfttBJ: 9 4>±SKffiar i * * » F»«. 
U - -if ©ftJBg*i*iK{8 XWtZ> 7\ F 7 7* 

X F 7 -T 'J 9 i>&WT £R9 ? » Fii±(Cfc^T . 

[ooi l ] A^IOttMrtJc. HilB^ij^^Ji«, tfffa 

*B{c«A-C*>»). MEJB2m«^0 9*JBtt. MfCrgft 
B©«*iJwi)sJ; 0 6Kl*im**L?t<&¥ifm 

[0012] *5^JHWt?». MgQftJBB*lfilR:ffie<t 

wxmt&mix v uywj 9 y©»ffln*j. e*r* 
4. 

[0013] *s5a6tw-c». fna#igs^7iqi(ci&s« 

W<cm-tZ>Wi&z h 7 -Y 'J 9 5/©WfiB*i. S^-ffJ-c 

[0 0 14] *&3S*tWT?tt. tflfQ*S<*S«Ei, Ga 
A s fohfif&Z iiX te 0 . iluiejSttBtt. G a I n P *> 

(feftCfKWB M©^7 9 FBtt. A 1 Ga I n P*»6 

[0015] Mfd— ^d»7 9 FB©^^©— BU 

icm i s?s^n ^ i?H*i**c i na3-j)Ry ; m2 B 
[ooi6] *a*«tm?«. i?fd^i**«aGa a 

s*»^)S2nT*J«J. ilufflffittBai nGaAsM 
SArisO. pie-W©^7 9 FBliGa I nPft»6fl5 
^n-CteO. |irfd^"l¥^(*B«GaAs^5^3 

[0017] fflfgBffittBW. ^MS+#P1iS4Wl/r 

-ir**ijfi-i-s*tt-c*r>-r. atuitt. miov^v 

Cj-T^ISi, WSttB±KSB2*7-9 FBift&H* 
»JSW*IS4 , «R©-»4a«W{Cx 9 ?y iff* 
CiKJ:»j. K^ftU-lfW^lSHB^lSlKjbl^S^ F 

^7 9 Kl*W5Ili. W&1 Or> 9 FB©0 

h 7 -/ 'J » iHMfH»&9M>±K. . tm2*7 
9 FB0B«*J:3fc*l»ffl*r**B-U ^o. i^r£tt 
B©S§tD^*SJ: •) tKl*Mm**i>-tt<&9 1 
ftB«g«TSXgi. «gJl*»»B±{c. KitfttB 

±id@e ; ]*^5n.So 

[0018] 

[f^ffl] *fW0*ife»*Btt. jgttB©^ F 5 ^ ViK 



B. -»©#7» FJl©JMr¥«fc 9 fc*t»B«r***r 

[ o o 1 9 ] mi assign 9 *na. «i&#j£ttBcctfc 

*liit»C£*ffi±TS«ifi*:#$-<&. C©fc©. *1* 

&jsk©#. mmmiRmit&Aztiz. *©»». m 

ttJB©x F 7 -f ^KBfffi««5c*j i^r ©* u — f io 
fcti. * 5 » FHRO'21 1 SjS'T'a ? ^JKcii-f Z>. m 

.*&i/ci»*fc*. u-W6». * f ? 7tt©i»£« 

[0020] S**¥«-t- F*CTI6J6-r 5 U— if* 
4. ff*©*jp«*-FK:riftlRr4U— !f*4*tfc« 
l/TJ§£. «&©*¥»*•- Ftcr^STS U— !f36© 
£B, «^tCj:*)JE<^l/-Clr»4. C©fcib» 20 
qgo^UHftU— !f{c*jl>rt4. «&©*¥«*- FtCT 

aws u— •>*#©£#. f KT»»r 

^«MaSgS#a&l». C©/c*. Ffc 

*Wi*-F«cTjair6U— WKcttSWl/T. J: 9* 
*- FJcriaRf 4 U— if#©**iMRWK:8 a C i# 30 
1 0 0 2 1 ] W 1 7 *Jia»ffi14II©3£iW 

C©/c*, ia»©#^»U — !T«CttJRL"C. we© 

[0022] 6UJMIl/teJ:9«c. *»?)!© f»*u- 
Iftt. 3$*W&-- FOU— !f3e*fil>eif«3tKT 

[0023] -10 

immm] (suwpinaT. c©»93©3aiw*iaii 
[ o o 2 1 ] a i tcc©»w©-ia6w©tt*- Funi 

»Dj»6*IM|sU---!f©iflBB*nVr. 
[0025] CO^igftl/- !f«. a 1 {Cjjrr J: 5&c. 
W^.«n -GaAsSgliKn-GaAsX-^rJI 
2^l/tGa.. s , I n 0 . 4 ,Pr§t£S4 (93 8 0 0*;' 

*-*I>d-A) (A lo.rGa,.,) „. sl I II,., 9 

•7 v FJS3 fcj^p - (A 1 ,. ,Ga„.,) „. tl 1 n„.„ 
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p- (A l.^Ga,.,) I n„.„P975 FIS5© 
±»K». p-Ga,.„In,.„P16 (J131000 
^>y^Fn-A) p -Ga 0 .st I ii,.«>PRB 

6fcJ:t>'p - (A l,.,Ga,. 4 ) I n,,.,,?*^? 

m 5 ©-spa, ■&»«©* f 7 -f y » s^caiis 
^©iisai. 3 inn, ^ f 7 -f -m <) 9 s?»»tw© 

8P^©WSao.25/im-C*4. 

[0026] x f 5 ^ y s y©wte© P - ( A 1 

..,Ga..j) ».„ I n,.„P«? FJS5©±*CB. 7 
0 0 A©n - (Alt.iGai.i) ». s , I n„.,,PH7 i 
0. 7 ;/iit©n - (A l,,,Ga,.,) I u,.,,P)S 
8#fll8t3ttT<,>S. 36tC. p -Ga».„ I n,., 9 P 
JBBfcJcCfn- (A 1 o.iGa..,) ..si I n...,PW8 
©±SPCCtt, p-GaAs+f 9 7T19*Wl/ri,^. 
[0 02 7 ] ±13* h^^tt'J? S>©« 
FiiS^©-e- Fi©5p«9©S*^*< ift3J:5frii 
Cc^otte»3. *©(g«^7 /iiujiiijrls. 7Mui«tO i b 
mtf^2jum©tl^{CB> XF7-T 

^^©^©iiffi*^ * < ft •) t rr . u - if ^fiSic^ 
4L&«->**atiiPLr. L/*t>fii«»©±j»^. 

** < ft o T ^SPeS^fi^ «Ws©fiT* fc 6 T , $ 
/c. XF5-r^itI^A*<4-0-rS r ii l Wt-r F 
ilS*©*- F iOJJIIC^/l^ < Jiofcf) . Ga 
.. . 1 1 a, . P fStt)S 4 ^©* + roffiA©^^-* 
*¥^rsi-e^D, • ut;w©fiT*»40-c. H 

[0028]$ /twutwr ax h^^^ijs y©w 
BBBtttt#JBT*4.#. C ©Kffi^Kttfi^r*-^ 
*>«fci». *©^. 'J 9 i/©ilDB±{ca)i7*$J:CX8* 

[0 02 9 ] C©¥#ftU— !f©SJl©«iaKJ:->'CtR 
£ **¥#|6]©^ffl#T3l*EI 2 tCTfs-r. ^ F 5 4 -/ft 

y v vvn^wmft&tt. 3. 307, ^h7-f7"« 

y ^ y©^95©3IS!WIBJT¥tt 3 . 3 2 9"C$> , 3 . J»W© 
^0. 0 2 2j^ti„ C©ieaH»f*^B7 0 0A©n 

- (Al,.,Ga,.,),. 11 In,.„PI7iO. Turn 
©n- (A l„.,Ga..,) I n 0 ., 9 P)i8 *C£->X 
fcfc63nr^S. C©Sl^ffl»r^©/ctf)tcS*ffi* 

- F &**©*- F i©n»c^:* Wffloi^i;^. 

c©/c*. aAaa©«*^*< i/Tt+v^Rst 

n< i>©r. *>^©» i tfce6r-i^t^Hl73^»^c i 

[0030] CCtn- (A 1,.,G a. .,)..,,] n 
,,., ! ,PJi7<tii- (Al,.,Ga,.,) o.s, I ii,., 0 PM 

- FtiS^t- F±©nnecrt*&?'JB©2*«£t;-a»* 

lic^-T. 01 la. WMlc* 
S*-B--F (m = 0) i, S0C-t--FiLri*-t-- F 



(m = 1 ) &4>(/&lr>ttftM®Jtt (a) 
(b) ffl£W<D%tl?tl<£-H,*XffltoUk.. C<DI31 1 
*»6fc*»*J:9K:. (b) Q?8g*ftCDL'— !Ttt. S** 

- K £ 1 # t— K 4 © 0 * Offlfijff ©2*i/h <* < 1 # * 

- K©«fc 0 MlRfrfc- F^CWU, CtlKW ur* 
?SW©U— «f ( b ) 13:. K4 1 K 4©0 
ac>ffiMS©£*«rt*< . I**- FOJiSft***-- 
Ktt£DCc<t>„ 

[ 0 0 3 1 ] m 1 4 *JMI«D^fl:U-1fKO(,» 
t, Sg«J«?l (CURRENT) i7fetB^3 (OUTPU 10 
T POWER) 4©W{fc47nbTt,»-&. C©^575C 

-jT3- fe©tts#jo*$8 3k©ksc 

J:,tJ-f-{>y3 *ifc49H* b - 1«c -5 1 » r 9 6 ft 
fc. 2^HM*u-1f©««»fiB5 0 0/i-C*S. ftt^ 
«ft6 5 mW*»*.**T?. *ffl*i*lgift««©itttIJC 
V£~>X&&mcfflabXl>W>. TttH^ft 6 5 mW£ 

»0fcj:5ic. ^7(cij^-r. *©j:V.c»*}S r* 

4l>0. *>i>#£&£-f ■£©«. *HiM45U 20 
^HJl KK*4iS. K (m=l) MSL'- 

( r+>i/U-<iUj it,*',) £S;tS4. S**-FW 
*f©*~ K (&'#©*- K : m i 2 ) &c&& u-ifTti 

tf3fc£&vm&ftT&£OT0^TSC 4 
K (m= I ) Ki^-flKon 
T©BS®PJ1S4f6©*--K (mi 2) CC& S U -Ifjfcic 
o^t©ai«i©i^?nti£\ *>< 30 
&<ft&« 

[ o o 3 2 ] b i s «. hi icjfi-tm&imfzitfm 

©^sS^U-tftCO^T. ?7 5 KB4©X K-7 4 
*y©t§4. *>*©ffe£1'*#dtfl©l'-«Jl/4©Ht* 

[0033] m%.o)tc&<,cQmL,tc¥m#i<— ?o>#m 

ft-fr£<i:^ $KifWL--fK, «f*©¥«ft 
u— ytctttttr. +>^u-^;W^i^ c©ettt. 40 
*l6W©*aw*u— !TtCiJH-r. tt**-K (m=l) 

©»iftpj»itt©*-K (mi 2> ommmtoM 

[0 03 4] Sfc, n - (A 1 0 .jGa 0 .,) 0.5, I n 
,.,,PJ§7 in (Al,.,Ga,.,),.„[n,..,Pl 
84W. pffldSSl O^^iSlaSm^^a i> 
7 » KB 5 ©X K v ■( y » t>(*9«:So£?r^ 1/ . * 

tiicj^-j -amm 4 ©sfsi©«««:«a*ax-r sfl* 

feflfiBLTl'*. 50 
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[0035] *IMB-C». ©X [• v -C 7"©rt?f 5C 

H»f$l&*BaW5aftfrC. 70 0A©n- (A 1 t.tG 
a,. 5 ) o.$i I n,.„P17 40. 7 <im«n - (A 1 
,.,Ga,,) o.m I n..4.PJB8©2«RO*iW*JB* 
ffllr»-Ct»4. lBB©^^)!. -Tfetoftn- (A 1 
,.iGa,.,),.„] n,. 4I PJ17©JB8f*B. p- (A 
l../Ga..,) ,.„ I n.^tPd'^t* KB 5 ©JeB#t$J: 
OAttA, 21@KSif7-; KJH4tttflB*r*©9U> 
n- (A I o. ?Ga,. j ) o . si I n„.,,PB8&ffl^TI,'> 

w s . x k 7 -c ^©>i-atr«3ease»iB»f**» 5 il 4 
ws©* I-?-/ ^n^-T©sBwatf*a«. 

n (AI 0 . ! Ga,.,)..„In,...PI7OI3*f 
{t;Jtf*t:.irg£5c»6fts. rtefoft. n- (a 1 

,.,Ga,.,) I n 0 .„PB7JW?<ft&43$WB»r 
*Htt** < & 0 . ?I<ft&i^i*<ft&„ ^-©^h-7 
-f ?'f*lft-C<D®9imm£. n- (A 1 i.jGa,.,) 

1 n,.«iP*7©«t*©IHBKJ:»), o.oi~o.05©$H 

[0 0 3 6 ]$/!:, CCTiif 11SOA lffiJS^O. 

2 i OJt*. C©A I fflS%*<fc3tt"C*>*«WMT*a 

[0037] i tim<DfrQmz#fav®®<D3mm$T& 
mz-yttztcmm. mmmifi p - (Ai,.,Ga,.,) 

i..tln,.„Pi'75 KB5©-en«fc9ift< . 

Kifil>tWBj. ffl&tf. n (A 1 ( .,iGa,.,s) ] 

n..„PJi*fija©»6tf*i*S<JSj-«:. l/**>»<. 

mtfl um«±*mT£iifgai&*, C©«6. n- 
(A l,.„Ga,..,) ..„ I no.oPIl©*^** 5 ^^ 
h4fc«6 . 3fc«ffittli 4 * 6 & < (t*ifc«j?f r ©HJt 

*©«•%«»§. 35/cn- (A l,.„Ga,., s ) 

S. $.tc%tiM2tmtP">1ch. Ga,. 5 , I n 0 . 4S Pjfi 
ttB4-C4C/c7t*5p GaAs+f7 7'I9!Cj:oT 
*iR3*ir. 3tx*;b+*-©a**J±D-5. L/t*5-> 
T. !f&fPHr4KS©*«tt. W3Ktt*<fi< 

ft2,Sn^4DS. Sfa©^©affl«f*^*iE*«:. »^ 
tti < ft-2>/c©fai 2 ffiafeUb©^«tB%iaW 5 C <!: 

[00 3 8] C©#»*U-1f©*i4J*i*»*U-!f 
KaAL»fc«»©H«*H3tt:*f. C©*3W*U-1T 
■Cii.$53 0 mWS-C+>i'*^f.t«S§-C7Etl J ^«r?f 5C 
4^T*-6o *fc. C©*»»U-!f©JH»a^}*H!l 
$T7,B8 5%ii^U, ZtiU. /K¥*t6j©l^&®Sfm 
^^^■S/cfeK. n- (Alo.jGa,.,) „. S1 I n 
...,Pll74n (A l,.,Ga,.j) 3 i , I n...,PJB 
8 Zttl,>-Cl>2>tclbV<bZ>. C©2B©«-*liwi(I«Ga 
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[09] *%m<D*m#i'-y<om&xmz&f&o<D * 
xwmmm 

[011] i^WiSfsfcMroa**- Ki i H<D 

[012] *igBjcof.«#u-tf®jamsf^^^-r0 

[013] WJjO*i#f$U--if©S)S(C7Kf J3:^[S|© 

[014] *^©^ftu-tf©4#tt?rm-r0-C. Ul 
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(54) SEMICONDUCTOR LASER AND FABRICATION THEREOF 

(57) Abstract: 

PURPOSE: To provide a high output semiconductor laser having oscillation wavelength in 
visible light region in which differential quantum efficiency is enhanced while enhancing the 
stability of transverse mode. 

CONSTITUTION: A p-(A10.7Ga0.3)0.51In0.49 clad layer 5 of semiconductor laser is partially 
formed into a trapezoidal stripe. An n-(A10.2Ga0.8)0.51In0.49P layer 7 and an n- 
(A10.7Ga0.3)0.51In0.49P layer 8 are deposited on a p-(A10.7Ga0.3)0.51In0.49P clad layer 5 on 
the outside of the stripe. Effective refractive index in the trapezoidal stripe is set lower by 0.02 
than that on the outside of the stripe. 
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CLAIMS 
[Claim(s)] 



[Claim 1] It is the laminated structure formed on the semiconductor substrate and this 
semiconductor substrate. A barrier layer, It is the semiconductor laser equipped with the 
laminated structure which has the clad layer of the couple which sandwiches this barrier layer, 
and a current constriction layer for pouring a current into the stripe-like predetermined field of 
this barrier layer, this current constriction layer It has the lst-current block layer formed in fields 
other than the field corresponding to this predetermined field of this barrier layer, this lst-current 
block layer Semiconductor laser which is the semiconductor layer which has a refractive index 
higher than the refractive index of the clad layer of this couple, and has forbidden-band width of 
face larger than the forbidden-band width of face of this barrier layer. 

[Claim 2] It is the semiconductor laser to which the clad layer which is semiconductor laser 
according to claim 1 , and is located among the clad layers of the aforementioned couple more 
nearly up than the aforementioned barrier layer has the stripe-like ridge prolonged along the 
orientation of a resonator of this semiconductor laser, and the aforementioned lst-current block 
layer has covered fields other than this stripe-like ridge on this clad layer that has this stripe-like 
ridge. 

[Claim 3] The aforementioned current constriction layer is semiconductor laser according to 
claim 2 which is the semiconductor layer which is further equipped with the 2nd-current block 
layer prepared on the aforementioned lst-current block layer, and has the forbidden-band width 
of face with this 2nd-current block layer larger than the forbidden-band width of face of the 
aforementioned barrier layer. 

[Claim 4] Semiconductor laser according to claim 3 whose cross section of the aforementioned 
stripe-like ridge about a field perpendicular to the aforementioned resonator orientation is a 
trapezoid. 

[Claim 5] Semiconductor laser according to claim 3 whose cross section of the aforementioned 
stripe-like ridge about a field perpendicular to the aforementioned resonator orientation is a 
rectangle. 

[Claim 6] It is the semiconductor laser according to claim 3 in which the aforementioned 
semiconductor substrate is formed in from GaAs, the aforementioned barrier layer is formed in 
from GalnP, and the above 1st, the 2nd-current block layer, and the clad layer of the 
aforementioned couple are formed from AlGalnP. 

[Claim 7] The aforementioned barrier layer is semiconductor laser according to claim 1 which 
has multiplex quantum well structure. 

[Claim 8] One side of the clad layers of the aforementioned couple is semiconductor laser 
according to claim 1 which has the 1st layer fraction and the 2nd layer fraction which are 
crowded on both sides of the aforementioned lst-current block layer. 

[Claim 9] It is the semiconductor laser according to claim 8 in which the aforementioned 
semiconductor substrate is formed in from GaAs, the aforementioned barrier layer contains 
InGaAs layer in, the clad layer of the aforementioned couple is formed in from GalnP, and the 
aforementioned 1st semiconductor layer is formed from GaAs. 
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[Claim 10] The aforementioned barrier layer is semiconductor laser according to claim 8 which 
has multiplex quantum well structure. 

[Claim 1 1] It is the technique of manufacturing the semiconductor laser which includes the 
process which forms a laminated structure on a semiconductor substrate, this process 
Furthermore, the process which forms the 1st clad layer, the process which forms a barrier layer 
on this 1st clad layer, the process which forms the layer used as the 2nd clad layer on this barrier 
layer, and a part of this layer by etching alternatively The stripe-like ridge section prolonged in 
the orientation of a resonator of this semiconductor laser is formed in this layer. Among the 
process which forms the 2nd clad layer by it, and this 2nd clad layer, on fractions other than this 
stripe-like ridge section The process which forms the 1st semiconductor layer which has a 
refractive index higher than the refractive index of this 2nd clad layer, and has forbidden-band 
width of face larger than the forbidden-band width of face of this barrier layer, The manufacture 
technique of the semiconductor laser which includes the process which forms the 2nd 
semiconductor layer which has forbidden-band width of face larger than the forbidden-band 
width of face of this barrier layer on this 1st semiconductor layer. 

DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

[0001] [Field of the Invention] It is related with the semiconductor laser and its manufacture 
technique of the high power which luminous efficiency of this invention was [ high power ] high 
and was excellent in the stability of the basic transverse mode. 

[0002] [Description of the Prior Art] The semiconductor laser which produces a laser oscillation 
and emits light in a light field has the intended use of the light sources for optical information 
processings, such as a laser beam printer and an optical disk, etc., and is increasing the 
importance recently. Especially, grid matching of the material of 0.5(AlxGal-x) In0.5P system is 
carried out to GaAs which is a good substrate material, and since it can obtain the laser beam 
which has the arbitrary wavelength within the limits of 0.68 to 0.56 micrometers by changing 
composition x, it attracts attention. 

[0003] Hereafter, the semiconductor laser which has oscillation wavelength with reference to 
drawing 10 to the transverse-mode control type red field of the conventional double hetero 
structure is explained. This semiconductor laser is equipped with the n-GaAs buffer layer 2, the 
n-(aluminum0.7Ga0.3)0.51In0.49P clad layer 3, GaO.51InO.49P barrier layer 4, the p- 
0.51(aluminum0.7Ga0.3) In0.49P clad layer 5, p-GaO.51InO.49P layer 6, the n-GaAs current 
block layer 13, and the p-GaAs cap layer 9 on the n-GaAs substrate 1 at this order, as shown in 
drawing 10 . The p lateral electrode 10 is formed on the cap layer 9, and the n lateral electrode 1 1 
is formed in the rear face of a substrate 1 . 

[0004] In this semiconductor laser, crystal-growth techniques, such as an organic-metal vapor 
growth (the MOVPE method), are used. The n-GaAs buffer layer 2, the n- 
(aluminum0.7Ga0.3)0.51In0.49P clad layer 3, GaO.51InO.49P barrier layer 4, the p- 
(aluminum0.7Ga0.3)0.51In0.49P clad layer 5, and p-GaO.51InO.49P layer 6 are deposited one by 
one on the n-GaAs substrate 1 using such crystal-growth techniques. 
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[0005] Next, with phot lithography technique and etching technique, p-GaO.51InO.49P layer 6 
and the p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 5 are etched in the shape of a trapezoid, 
and a stripe-like ridge is formed in the clad layer 5. The n-GaAs current block layer 13 is 
alternatively deposited on the exterior of a stripe after that using the MOVPE method etc., and 
the p-GaAs cap layer 9 is deposited further. 

[0006] With such structure of semiconductor laser, the n-GaAs current block layer 13 can 
perform the constriction of a current. In case the p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 5 
is etched on a trapezoid, moreover, by optimizing a trapezoid height and trapezoid width of face 
The effective-refractive-index difference with which it is satisfied of the conditions of a single 
transverse mode can be given within and without a trapezoid-like stripe, and light can be 
effectively confined in the stripe-like ridge lower part of the clad layer 5 among barrier layers 4. 
The width of face of a stripe is about 5 micrometers typically. 

[0007] [Problem(s) to be Solved by the Invention] However, with the structure of the 
conventional example, forbidden-band width of face uses parvus GaAs rather than the barrier 
layer as a current block layer. For this reason, this GaAs layer works as an absorption-of-light 
layer. Therefore, a loss of the light by absorption is large and waveguide loss alphai in case light 
guides the inside of the resonator of semiconductor laser becomes large with abbreviation 15cm- 
1 . Consequently, the external differential quantum efficiency of semiconductor laser becomes 
small with about 60%. Moreover, at this semiconductor laser, kink level is about 12mW and the 
parvus. Although a kink is produced when the transverse mode changes, with the structure of 
drawing 10 , it is for the mode to become easy to change with the increases in an inrush current 
easily so greatly [ the difference of the gain in a basic mode and the high order mode ]. Since 
external differential quantum efficiency is small and the stability of the basic transverse mode is 
low, with the structure of the conventional example, it is hard to obtain the semiconductor laser 
with a high optical output. 

[0008] The purpose of this invention is offering the semiconductor laser of high power with the 
high stability of the basic transverse mode which solves such a technical probrem and has high 
external differential quantum efficiency, and its manufacture technique. 

[0009] [Means for Solving the Problem] The semiconductor laser of this invention is the 
laminated structure formed on the semiconductor substrate and this semiconductor substrate. A 
barrier layer, It is the semiconductor laser equipped with the laminated structure which has the 
clad layer of the couple which sandwiches this barrier layer, and a current constriction layer for 
pouring a current into the stripe-like predetermined field of this barrier layer, this current 
constriction layer It has the lst-current block layer formed in fields other than the field 
corresponding to this predetermined field of this barrier layer, this lst-current block layer It is the 
semiconductor layer which has a refractive index higher than the refractive index of the clad 
layer of this couple, and it has forbidden-band width of face larger than the forbidden-band width 
of face of this barrier layer, and the above-mentioned purpose is attained by that. 

[0010] In a certain example, the clad layer located among the clad layers of the aforementioned 
couple more nearly up than the aforementioned barrier layer has the stripe-like ridge prolonged 
along the orientation of a resonator of this semiconductor laser, and the aforementioned lst- 
current block layer has covered fields other than this stripe-like ridge on this clad layer that has 
this stripe-like ridge. 
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[001 1] In a certain example, the aforementioned current constriction layer is further equipped 
with the 2nd-current block layer prepared on the aforementioned lst-current block layer, and this 
2nd-current block layer is a semiconductor layer which has forbidden-band width of face larger 
than the forbidden-band width of face of the aforementioned barrier layer. 

[0012] In a certain example, the cross section of the aforementioned stripe-like ridge about a 
field perpendicular to the aforementioned resonator orientation is a trapezoid. 

[0013] In a certain example, the cross section of the aforementioned stripe-like ridge about a 
field perpendicular to the aforementioned resonator orientation is a rectangle. 

[0014] In a certain example, the aforementioned semiconductor substrate is formed from GaAs, 
the aforementioned barrier layer is formed from GalnP, and the above 1st, the 2nd-current block 
layer, and the clad layer of the aforementioned couple are formed from AlGalnP. 

[0015] One side of the clad layers of the aforementioned couple may have the 1st layer fraction 
and the 2nd layer fraction which are crowded on both sides of the aforementioned lst-current 
block layer. 

[0016] In a certain example, the aforementioned semiconductor substrate is formed from GaAs, 
the aforementioned barrier layer contains InGaAs layer, the clad layer of the aforementioned 
couple is formed from GalnP, and the aforementioned 1st semiconductor layer is formed from 
GaAs. 

[0017] The aforementioned barrier layer may have multiplex quantum well structure. The 
manufacture technique of the semiconductor laser of this invention is the technique of 
manufacturing the semiconductor laser which includes the process which forms a laminated 
structure on a semiconductor substrate, this process The process which forms the 1st clad layer, 
the process which forms a barrier layer on this 1st clad layer, the process which forms the layer 
used as the 2nd clad layer on this barrier layer, and a part of this layer by etching alternatively 
The stripe-like ridge section prolonged in the orientation of a resonator of this semiconductor 
laser is formed in this layer. Among the process which forms the 2nd clad layer by it, and this 
2nd clad layer, on fractions other than this stripe-like ridge section The process which forms the 
1 st semiconductor layer which has a refractive index higher than the refractive index of this 2nd 
clad layer, and has forbidden-band width of face larger than the forbidden-band width of face of 
this barrier layer, The process which forms the 2nd semiconductor layer which has forbidden- 
band width of face larger than the forbidden-band width of face of this barrier layer on this 1st 
semiconductor layer is included, and the above-mentioned purpose is attained by that. 

[0018] [Function] The current constriction layer of this invention is equipped with the lst- 
current block layer formed in fields other than the field corresponding to the stripe-like 
predetermined field of a barrier layer. This lst-current block layer has a refractive index higher 
than the refractive index of the clad layer of a couple, and has forbidden-band width of face 
larger than the forbidden-band width of face of this barrier layer. 

[0019] The lst-current block layer has the function which prevents that a current flows into a 
barrier layer. For this reason, a current is alternatively poured only into the predetermined field 
of the barrier layer corresponding to the field to which the lst-current block layer does not exist. 
Consequently, a laser beam occurs only in the stripe-like predetermined field of a barrier layer. A 
part of this laser beam leaks in the vertical orientation from a barrier layer, and it reaches a clad 
layer and the lst-current block layer. Since the lst-current block layer has the refractive index 
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higher than the refractive index of a barrier layer, a laser beam leaks from a predetermined 
stripe-like field to longitudinal direction. Generally this ground is that it gathers in the field 
where light of a refractive index is high. 

[0020] the laser beam oscillated in the basic level transverse mode, and the laser beam oscillated 
in the high order level transverse mode - comparing - a case - the high order level transverse 
mode - oscillating - a laser beam - the direction is widely distributed by longitudinal direction 
For this reason, in the semiconductor laser of this invention, the grade which leaks from a 
predetermined stripe-like field to longitudinal direction is stronger than the laser beam which the 
direction of the laser beam oscillated in the high order level transverse mode oscillates in the 
basic level transverse mode. For this reason, it emits and the laser beam oscillated in the high 
order level transverse mode stops contributing to a laser oscillation. In other words, the laser 
beam oscillated in the high order level transverse mode will have higher threshold gain by 
presence of the lst-current block layer as compared with the laser beam oscillated in the basic 
level transverse mode. Consequently, only the laser beam oscillated in the basic level transverse 
mode can be obtained alternatively. 

[0021] Moreover, since it has the forbidden-band width of face with the lst-current block layer 
larger than the forbidden-band width of face of a barrier layer, the laser beam generated by the 
barrier layer is not absorbed by the lst-current block layer. For this reason, a transmission loss of 
racer light is reduced as compared with the conventional semiconductor laser. 

[0022] As explained above, the semiconductor laser of this invention can oscillate the laser beam 
of the basic level transverse mode by low transmission loss. 

[0023] 

[Example] (Example 1) The example of this invention is explained hereafter, referring to a 
drawing. 

[0024] The cross section of the transverse-mode control type red semiconductor laser of one 
example of this invention is shown in drawing 1 . 

[0025] This semiconductor laser has the double hetero structure which sandwiches 
GaO.51InO.49P barrier layer 4 (thickness 600 ****** ** strike loam) through the n-GaAs buffer 
layer 2 on the n-GaAs substrate 1 in the n-(aluminum0.7Ga0.3)0.51In0.49P clad layer 3 and the 
p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 5, as shown in drawing 1 . In the upper part of the 
p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 5, it has p-GaO.51InO.49P layer 6 (1000A in 
thickness), and a part of p-GaO.51InO.49P layer 6 and p-(aluminum0.7Ga0.3)0.51In0.49P clad 
layer 5 is processed into the trapezoid-like stripe-like ridge. In the clad layer 5, the thickness of 
fractions other than 1.3 micrometers and a stripe-like ridge fraction of the thickness of a stripe- 
like ridge fraction is 0.25 micrometers. 

[0026] On the p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 5 of both the sides of a stripe-like 
ridge, n-(aluminum0.2GaO. 8)0.5 lIn0.49P layer 7 of 700** and n- 

(aluminum0.7Ga0.3)0.51In0.49P layer 8 [ 0.7-micrometer ] have accumulated. Furthermore, in 
the upper part of p-GaO.51InO.49P layer 6 and n-(aluminum0.7Ga0.3)0.51In0.49P layer 8, it has 
the p-GaAs cap layer 9. 

[0027] The width of face of the above-mentioned stripe-like ridge is the width of face which can 
take the large difference of the gain in the basic transverse mode and the high order mode, and 
the width of face has good about 7 micrometers. When extremely thinner than 7 micrometers, in 
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about 2 micrometers, a leakage of the light to the outside of a stripe becomes large too much, the 
light which does not contribute to a laser oscillation increases, elevation of a threshold current 
and a loss become large, and a fall of external differential quantum efficiency is brought. 
Moreover, if stripe width of face becomes large too much, the difference of the gain in the basic 
transverse mode and the high order mode becomes small, or the ununiformity of injection of the 
carrier to GaO.51InO.49P barrier layer 4 will be horizontal, and will arise, a fall of kink level will 
occur, and practical use will not be borne. 

[0028] Moreover, although the cross-section configuration of a stripe-like ridge is a trapezoid in 
this example, this cross-section configuration may be a rectangle. In this case, it is desirable not 
to form layers 7 and 8 on the side face of a ridge. 

[0029] The horizontal effective refractive index decided by the configuration of each class of this 
semiconductor laser is shown in drawing 2 . the effective refractive index inside a stripe-like 
ridge - the effective refractive index of the exterior of 3.307 and a stripe-like ridge ~ 3.329 - it 
is - external one - 0.022 — it is high This effective-refractive-index difference is brought by n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7 of 700**, and n-(aluminum0.7Ga0.3)0.51In0.49P layer 
8 [ 0.7-micrometer ]. The difference of big gain arises between the basic transverse mode and the 
high order mode for this effective-refractive-index difference. For this reason, since it is hard to 
generate a kink even if it enlarges the amount of an inrush current, a high optical output can be 
obtained in the status that there is no kink. 

[0030] It is shown in drawing 1 1 that the difference of big gain has arisen between a basic mode 
and the higher mode for the effective-refractive-index difference brought by n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7 and n-(aluminum0.7Ga0.3)0.51In0.49P layer 8 here. 
Drawing 1 1 is taken stripe width of face along a quadrature axis, and, as for it, the threshold gain 
gth is taken along an axis of ordinate. The difference of the threshold gain with primary mode 
(m= 1) was indicated about each of (a) this invention and the (b) conventional example as a basic 
mode (m= 0) and higher mode to this drawing. As shown in this drawing 11 , the higher mode [ 
like / the difference of the threshold gain in a basic mode and primary mode is small, and / 
primary mode ] it is tends to produce the laser of the conventional example of (b). On the other 
hand, the laser (b) of this invention has the large difference of the threshold gain in a basic mode 
and primary mode, and it is hard to produce the higher mode like primary mode. 

[0031] Drawing 14 shows the relation between a drive current (CURRENT) and an optical 
output (OUTPUT POWER) about the semiconductor laser of this invention. The outgoing- 
radiation end face was coated with the layer of 6% of reflection factors, and the data shown in 
this graph were obtained about the semiconductor laser coated with other end faces with the 
layer of 83% of reflection factors. The cavity length of semiconductor laser is SOOmicro. 
Although the optical output is increasing linearly according to the increase in a drive current 
until an optical output exceeds about 65mW, after an optical output exceeds about 65mW, the 
grade of the increase in an optical output falls temporarily. As mentioned above, in a graph, such 
a fraction is called "kink." It is because the laser beam which that only the laser beam in a basic 
mode (m= 1) was oscillating has in the laser beam in modes (high order mode:m>=2) other than 
a basic mode and a basic mode when an optical output exceeds the level (it is called "kink level") 
begins to be intermingled that a kink occurs, when it is below in the level with an optical output. 
The semiconductor laser with higher kink level can stabilize for it and supply the laser beam in a 
basic mode in a high optical output. **** ** level becomes high so that the difference with the 
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threshold gain about the laser beam in the threshold gain about the laser beam in a basic mode 
(m= 1) and other modes (m>=2) is large. 

[0032] Drawing 15 is a graph which shows the relation between the width of face of the stripe 
ridge of the clad layer 4, and the level of the optical output which a kink generates about the 
semiconductor laser of this invention which has the structure shown in drawing 1 . 

[0033] Each cavity length of the semiconductor laser used for measurement is 350 micrometers, 
and the ends side of each semiconductor laser is not coated with the reflective layer etc. As 
shown in drawing 15 , the semiconductor laser of this invention has high kink level as compared 
with the conventional semiconductor laser. This shows that the difference of the threshold gain 
of a basic mode (m= 1) and the threshold gain in other modes (m>=2) is large rather than it can 
set to the conventional semiconductor laser in the semiconductor laser of this invention. 

[0034] Moreover, n-(aluminum0.2Ga0.8)0.51In0.49P layer 7 and n- 
(aluminum0.7Ga0.3)0.51In0.49P layer 8 block the current which flows from the p lateral 
electrode 10, they carry out the constriction of the current into the stripe-like ridge of the clad 
layer 5, and also possess the work which pours a current into the predetermined field of a barrier 
layer 4 by it. 

[0035] In this invention, n-(aluminum0.2Ga0.8)0.51In0.49P layer 7 of 700** and two kinds of 
0.7-micrometer semiconductor layers of n-(aluminum0.7Ga0.3)0.51In0.49P layer 8 are used in 
order to prepare a refractive-index difference within and without a trapezoid-like stripe. The 
layer 1st ] semiconductor layer, i.e., the refractive index of n-(aluminum0.2Ga0.8)0.51In0.49P 
layer 7, is larger than the refractive index of the p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 5. 
A clad layer and n-(aluminum0.7Ga0.3)0.51In0.49P layer 8 with an almost equal refractive 
index are used for two-layer scale division. Light is influenced of the refractive index of only the 
material near the barrier layer 4. A stable effective refractive index can be obtained in the 
exterior of a stripe. The effective-refractive-index difference in desired stripe inside and outside 
is easily acquired by changing the thickness of n-(aluminum0.2Ga0.8)0.51In0.49P layer 7. That 
is, it will become small if an effective-refractive-index difference will become large if n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7 becomes thick, and it becomes thin. The refractive- 
index difference in the stripe inside and outside is controlled by adjustment of the thickness of n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7 in 0.01-0.05. 

[0036] Moreover, although the lst-layer aluminum composition was set to 0.2 here, even if it 
changes this aluminum composition, an effective-refractive-index difference can be changed. 
That is, if an effective-refractive-index difference will become large if aluminum composition 
becomes small, and aluminum composition becomes large, an effective-refractive-index 
difference will become small. 

[0037] In order to give the same effective-refractive-index difference in one kind of 
semiconductor layer, there is no fluctuation of composition, and moreover, it needs to be thick, 
for example, it is necessary to deposit uniformly, 1 micrometers or more of the materials with it, 
for example, n-(aluminum0.55Ga0.45)0.51In0.49P layer. [ a refractive index higher than that of 
the p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 5 and, and ] [ very near ] In this case, since 
light leaks deeply into n-(aluminum0.55Ga0.45)0.51In0.49P layer, light is influenced of the 
refractive index in the location distant distantly [ barrier layer / 4 ]. Moreover, if it shifts from the 
set point, n-(aluminum0.55Ga0.45)0.51In0.49P layer composition, i.e., a refractive index, the 
effective refractive index in the inside and outside of a stripe will shift. Moreover, if the 
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thickness is thin, the light produced by GaO.51InO.49P barrier layer 4 will be absorbed by the p- 
GaAs cap layer 9, and a loss of a light energy will arise. Therefore, a possibility that the stability 
when producing semiconductor laser and repeatability may become low arises. In order to make 
a desired effective-refractive-index difference with sufficient repeatability correctly, it is 
desirable to prepare two or more kinds of semiconductor layers. 

[0038] The relation of the current poured into the optical output of this semiconductor laser and 
semiconductor laser is shown in drawing 3 . At this semiconductor laser, an optical output can be 
obtained in the status that there is no kink to about 30mW. Moreover, external differential 
quantum efficiency etaD of this semiconductor laser is as high as 85%. Since it gives a 
horizontal effective-refractive-index difference, it is because n-(aluminum0.2Ga0.8)0.51In0.49P 
layer 7 and n-(aluminum0.7Ga0.3)0.51In0.49P layer 8 are used. This two-layer forbidden-band 
width of face is larger than that of GaO.51InO.49P barrier layer 4. Therefore, the light generated 
by GaO.51InO.49P barrier layer 4 is not absorbed, therefore, as a result, waveguide loss alphai 
can obtain high external differential quantum efficiency small. Drawing 4 is an experimental 
result for investigating a waveguide loss, and is drawing showing the relation of the cavity length 
of inverse number 1 / etaD of external differential quantum efficiency, and semiconductor laser. 
A proportionality is between 1/etaD, and a cavity length, and a waveguide loss can be derived 
from this inclination with 4.2cm- 1 . Since a waveguide loss of the semiconductor laser of the 
conventional example is abbreviation 15cm-l, the semiconductor laser of this invention will take 
the value of 1 / 3 - 1/4. Therefore, it can explain that the external differential quantum efficiency 
of the semiconductor laser of this invention is high. 

[0039] As an explanation of the semiconductor laser of this invention having a good property 
next, the result which measured the far field pattern of this invention is shown in drawing 12 . 

[0040] (a) is the output luminous-intensity distribution to the angle of orientation level on each 
class of semiconductor laser, and (b) shows the output luminous-intensity distribution to the 
angle of orientation perpendicular to each class. 

[0041] A small side lob is seen beside the main peaks of a far field pattern horizontal to each 
class of (a). Although this side lob is the characteristic feature of the semiconductor laser of this 
invention, it depends for the light from which this semiconductor laser is not oscillating by the 
higher mode, and leaked out of the ridge stripe. 

[0042] Thus, it turns out that both the semiconductor laser of this invention is oscillated by the 
basic mode from the far field pattern. 

[0043] In addition, drawing 13 explained plainly the main peaks shown in drawing 12 , and the 
side lob. It is a luminous-intensity distribution of orientation level on each class of 
semiconductor laser. 

[0044] As stated above, the semiconductor laser of high power can be obtained from a high basic 
transverse-mode stability and high external differential quantum efficiency. 

[0045] Below, from drawing 5 , drawing 9 is used and the production technique of this 
semiconductor laser is explained. First, the n-GaAs buffer layer 2, the n- 
(aluminum0.7Ga0.3)0.51In0.49P clad layer 3, GaO.51InO.49P barrier layer 4, the p- 
(aluminum0.7Ga0.3)0.51In0.49P clad layer 5, and p-GaO.51InO.49P layer 6 are grown 
epitaxially on the n-GaAs substrate 1 using the crystal-growth technique, such as the MOVPE 
method, ( drawing 5 ). After making Si0212 deposit on p-Ga0.51In0.49 P layer 6, a part of 
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Si0212, p-GaO.51InO.49P layer 6, and p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 5 are 
processed into a trapezoid-like stripe using phot lithography technique and etching technique ( 
drawing 6 ). A crystal growth is carried out on the p-(aluminum0.7Ga0.3)0.51In0.49P clad layer 
5 of both the sides of a stripe, without making n-(aluminum0.2Ga0.8)0.51In0.49P layer 7 and n- 
(aluminum0.7Ga0.3)0.51In0.49P layer 8 deposit on Si0212 as a current block layer using the 
selective-growth technique of the MOVPE method, after processing it in the shape of a trapezoid 
( drawing 7 ). Then, Si0212 is removed and the crystal growth of the p-GaAs cap layer 9 is 
carried out ( drawing 8 ). Finally Cr/Pt/Au is deposited on the p-GaAs contact layer 9, it 
considers as the p lateral electrode 10, Au/germanium/nickel is deposited on the n-GaAs 
substrate 1, and it considers as the n lateral electrode 1 1 (drawing 9 ). 

[0046] By such manufacture technique, the transverse-mode control type red semiconductor laser 
which is shown in drawing 1 is producible. 

[0047] In addition, although two kinds of semiconductor layers were used and explained in order 
to establish an effective-refractive-index difference within and without a trapezoid-like stripe, 
even if it uses three or more kinds, an effective refraction difference can be made from this 
example. 

[0048] the above-mentioned example - the effective refractive index inside a trapezoid-like 
stripe - it of the exterior of a stripe - 0.022 - although it is made low, if the domain of this 
effective-refractive-index difference is 0.01 to 0.05, the effect of this invention is large However, 
if an effective-refractive-index difference changes, it must double with it and trapezoid-like 
stripe width of face must also be changed. 

[0049] In addition, the effective refractive index of the fraction besides a stripe-like ridge is 
controllable by changing thickness h of the stripe-like ridge exterior of the clad layer 5, and the 
thickness of a layer 7. The domain of the thickness of 0.02-0.5 micrometers and the layer 8 has [ 
the domain of the thickness of h / the domain of the thickness of 0.05-0.5 micrometers and the 
layer 7 ] desirable 0.3-1 micrometer. 

[0050] Although the material which constitutes semiconductor laser from an above-mentioned 
example was specified, external differential quantum efficiency has a large clad layer also at the 
case of 0.51(AlzGal-z) In0.49P (it is 0 <= z <=y<=l here), and 0.51(AlyGal-y) In0.49P and a 
barrier layer can produce easily the semiconductor laser of high power with a high transverse- 
mode stability. 

[0051] Moreover, although the above-mentioned example explained the semiconductor laser 
which used AlGalnP for the material, it cannot be overemphasized that other materials of the 
effect of this invention are large. Not only an III-V group's semiconductor laser but the 
semiconductor laser of this effect of the invention which consists of an II- VI group's material is 
large. 

[0052] Although the barrier layer of the above-mentioned example is formed of the monolayer of 
AlGalnP semiconductor, the barrier layer which has multiplex quantum well structure may be 
used. As such a barrier layer, for example A Ga0.44In0.56P well layer (8nm in thickness), A 
0.51In0.49P barrier layer (5nm in thickness), (aluminum0.45Ga0.55) You may use a 
GaO.44InO.56P well layer (8nm in thickness), a 0.51(aluminum0.45Ga0.55) In0.49P barrier layer 
(5nm in thickness), and the barrier layer included the Ga0.44In0.56P well layer (8nm in 
thickness). Since 0.5% of the compressive strain has arisen in three well layers, such a barrier 
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layer is called oval multiplex quantum well barrier layer. This multiplex quantum well barrier 
layer is sandwiched by 0.51(aluminum0.45Ga0.55) In0.49P light closing ****** (10nm in 
thickness) of the couple which touches a clad layer. 

[0053] (Example 2) With reference to view 16 , other semiconductor laser by this invention is 
explained. 

[0054] This semiconductor laser has the laminated structure formed on the n-GaAs substrate 61 
and the n-GaAs substrate 61. A laminated structure in an order from the side near the n-GaAs 
substrate 61 The n-GaO.51InO.49P 1st clad layer 62, the GaAs 1st light closing ****** 
(Thickness: l.Smicrometer) 63, the deformation amount child well barrier layer 64, GaAs 2nd 
light closing ****** (thickness:0.01micrometer) 65, the p-GaO.51InO.49P 2nd clad layer 66, the 
n-GaAs current block layer (thickness:0.15micrometer) 67, a p-GaAs cap layer 
(Thickness: 0.01 micrometer) (Thickness:3micrometer) 68 is included. The p lateral electrode 69 
is formed on the p-GaAs cap layer 68 of a laminated structure, and the n lateral electrode 70 is 
formed in the rear face of the n-GaAs substrate 61. 

[0055] The deformation amount child well barrier layer 64 has the quantum well structure which 
InO.2GaO.8As 1st well layer (thickness:7nm) 64a, GaAs barrier layer (thickness :10nm) 64b, and 
InO.2GaO.8As 2nd well layer (thickness:7nm) 64c form. 

[0056] The p-GaO.51InO.49P 2nd clad layer 66 is divided into 1st layer partial 
(thickness:0.2micrometer) 66a which touches optical closing ******, and 2nd layer partial 
(thickness: 1.5micrometer) 66b which touches the p-GaAs cap layer 68. The n-GaAs current 
block layer 67 is located between 1st layer partial 66a of the p-GaO.51InO.49P 2nd clad layer 66, 
and 2nd layer partial 66b. 

[0057] The n-GaAs current block layer 67 is formed in fields other than the field corresponding 
to the predetermined field (current injection field) of the shape of a stripe of the deformation 
amount child well barrier layer 64. In other words, the n-GaAs current block layer 67 has stripe- 
like opening to the field corresponding to the current injection field of the deformation amount 
child well barrier layer 64. Width-of-face W of opening has specified the width of face of a 
current injection field. Although this width-of-face w is 6 micrometers typically, various values 
may be chosen from about 3 micrometers in the domain of about 8 micrometers. The n-GaAs 
current block layer 64 has a refractive index higher than the refractive index of the p- 
GaO.51InO.49P 2nd clad layer 66, and has forbidden-band width of face larger than the 
forbidden-band width of face of a barrier layer 64. 

[0058] The effective-refractive-index difference in the inside and outside of a stripe-like current 
injection field is controllable by adjusting thickness h of 1st layer partial 66a of the p- 
GaO.51InO.49P 2nd clad layer 66, and thickness d of the n-GaAs current block layer 67. The 
thickness of 1st layer partial 66a of the p-GaO.51InO.49P 2nd clad layer 66 may be chosen in the 
domain of about 0.05 to about 0.5 micrometers, and the thickness of the n-GaAs current block 
layer 67 may be chosen within the limits of about 0.02 to about 0.5 micrometers. 

[0059] Also in the semiconductor laser of this example, the same effect as the semiconductor 
laser of this invention which has the structure mentioned above is acquired. 

[0060] As the above-mentioned clad layer, you may use an AlxGal-xAs (0.2<=x<=0.7) layer or 
(AlxGal-x) 0.51In0.49P (0<=x<=l) layer. (AlxGal-x) When 0.51In0.49P (0<=x<=l) layer is 
used for a clad layer, it is enabled to make the hetero barrier height between a barrier layer and a 
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clad layer higher than the height in this example. For this reason, the semiconductor laser which 
can operate stably at an elevated temperature is offered by adopting such a clad layer. 

[0061] [Effect of the Invention] According to the semiconductor laser of this invention, to the 
exterior of the stripe of the clad layer of (1) semiconductor laser, the waveguide loss with a high 
and refractive index since a loss of a light according to absorption since a semiconductor layer 
larger than the forbidden-band width of face of a barrier layer is provided at least is small can be 
made small, and external differential quantum efficiency can obtain the semiconductor laser of 
the high power with the high stability of the basic transverse mode highly from the above- 
mentioned clad layer. 

[0062] The process which carries out the laminating of the 1st clad layer, a barrier layer, and the 
2nd clad layer one by one on (2) semiconductor substrate according to the manufacture technique 
of the semiconductor laser of this invention, A part of 2nd clad layer on the 2nd clad layer of the 
process processed into a trapezoid-like stripe, and the exterior of this stripe It has the process 
which carries out the laminating of at least two or more kinds of semiconductor layers in order to 
prevent injection of a current. Since it has the refractive index from which the two or more 
aforementioned kinds of semiconductor layers are different, a waveguide loss of light can be 
made small and external differential quantum efficiency can produce easily the semiconductor 
laser of the high power with the high stability of the basic transverse mode with sufficient 
repeatability highly. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The cross section of the transverse-mode control type red semiconductor laser of the 
example of this invention 

[Drawing 2] Drawing showing an effective refractive index horizontal to the layer of the 
semiconductor laser of the example of this invention 

[Drawing 3] Drawing showing the optical output of the semiconductor laser of the example of 
this invention, and the relation of a current 

[Drawing 4] Drawing showing the relation between inverse number 1 / etaD of external 
differential quantum efficiency, and a cavity length in drawing for explaining the effect of this 
invention 

[Drawing 5] The 1st order cross section of a process showing the manufacturing process of the 
semiconductor laser of this invention 

[Drawing 6] The 2nd order cross section of a process showing the manufacturing process of the 
semiconductor laser of this invention 

[Drawing 7] The 3rd order cross section of a process showing the manufacturing process of the 
semiconductor laser of this invention 

[Drawing 8] The 4th order cross section of a process showing the manufacturing process of the 
semiconductor laser of this invention 

[Drawing 9] The 5th order cross section of a process showing the manufacturing process of the 
semiconductor laser of this invention 
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[Drawing 10] The cross section of the red semiconductor laser of the conventional example 

[Drawing 1 1] Drawing explaining the difference of the threshold gain in this invention, the basic 
mode of the conventional example, and primary mode 

[Drawing 12] Drawing showing the far field pattern of the semiconductor laser of this invention 

[Drawing 13] Drawing showing the far field pattern of orientation level on each class of the 
semiconductor laser of this invention 

[Drawing 14] Drawing showing the relation between the drive current of semiconductor laser, 
and an optical output which prepared the coating layer of 6% of reflection factors at the 
outgoing-radiation end face, and prepared 83% of the coating layer in other end faces in drawing 
showing the property of the semiconductor laser of this invention 

[Drawing 15] Drawing showing the relation of the optical output which generates stripe width of 
face and a kink about the semiconductor laser of this invention 

[Drawing 16] The cross section of the transverse-mode control type semiconductor laser of 
another example of this invention 

[Description of Notations] 

1 N-GaAs Substrate 

2 N-GaAs Buffer Layer 

3 N-(Aluminum0.7Ga0.3)0.51In0.49P Clad Layer 

4 GaO.51InO.49P Barrier Layer 

5 P-(Aluminum0.7Ga0.3)0.51In0.49P Clad Layer 
6P-Ga0.51In0.49PLayer 

7 N-(Aluminum0.2Ga0.8)0.51In0.49P Layer 

8 N-(Aluminum0.7Ga0.3)0.51In0.49P Layer 

9 P-GaAs Cap Layer 

10 P Lateral Electrode 
UN Lateral Electrode 

12 Si02 

13 N-GaAs Current Block Layer 

61 N-GaAs Substrate 

62 N-GaO.51InO.49P Clad Layer 

63 GaAs Light Closing ****** 

64 Deformation Amount Child Well Barrier Layer 
64a InO.2GaO.8As - a well - a layer 

64b GaAs barrier layer 

64c InO.2GaO.8As - a well - a layer 

65 GaAs Light Closing ****** 

66 P-GaO.51InO.49P Clad Layer 

66a The 1st layer which touches optical closing ****** 
66b The 2nd layer which touches the p-GaAs cap layer 68 

67 N-GaAs Current Block Layer 

68 P-GaAs Cap Layer 

69 P Lateral Electrode 

70 N Lateral Electrode 
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(54) SEMICONDUCTOR LASER AND FABRICATION THEREOF 

(57) Abstract: 

PURPOSE: To provide a high output semiconductor laser having oscillation wavelength in 
visible light region in which differential quantum efficiency is enhanced while enhancing the 
stability of transverse mode. 

CONSTITUTION: A p-(A10.7Ga0.3)0.51In0.49 clad layer 5 of semiconductor laser is partially 
formed into a trapezoidal stripe. An n-(A10.2Ga0.8)0.51In0.49P layer 7 and an n- 
(A10.7Ga0.3)0.51In0.49P layer 8 are deposited on a p-(A10.7Ga0.3)0.51In0.49P clad layer 5 on 
the outside of the stripe. Effective refractive index in the trapezoidal stripe is set lower by 0.02 
than that on the outside of the stripe. 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] It is the laminated structure formed on the semi-conductor substrate and this semi- 
conductor substrate. A barrier layer, It is the semiconductor laser equipped with the laminated 
structure which has the cladding layer of the pair which sandwiches this barrier layer, and a 
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current constriction layer for pouring a current into the stripe-like predetermined field of this 
barrier layer. This current constriction layer It has the 1st current block layer formed in fields 
other than the field corresponding to this predetermined field of this barrier layer. This 1st 
current block layer Semiconductor laser which is the semi-conductor layer which has a refractive 
index higher than the refractive index of the cladding layer of this pair, and has forbidden-band 
width of face larger than the forbidden-band width of face of this barrier layer. 

[Claim 2] It is the semiconductor laser to which said 1st current block layer has covered fields 
other than this stripe-like ridge on this cladding layer that has this stripe-like ridge by being 
semiconductor laser according to claim 1, and the cladding layer located among the cladding 
layers of said pair more nearly up than said barrier layer having the stripe-like ridge prolonged 
along the direction of a resonator of this semiconductor laser. 

[Claim 3] Said current constriction layer is semiconductor laser according to claim 2 which is the 
semi-conductor layer which is further equipped with the 2nd current block layer prepared on said 
1st current block layer, and has forbidden-band width of face with this 2nd current block layer 
larger than the forbidden-band width of face of said barrier layer. 

[Claim 4] Semiconductor laser according to claim 3 whose cross section of said stripe-like ridge 
about a field perpendicular to said direction of a resonator is a trapezoid. 

[Claim 5] Semiconductor laser according to claim 3 whose cross section of said stripe-like ridge 
about a field perpendicular to said direction of a resonator is a rectangle. 

[Claim 6] It is the semiconductor laser according to claim 3 in which said semi-conductor 
substrate is formed in from GaAs, said barrier layer is formed in from GalnP, and said 1st and 
2nd current block layer and the cladding layer of said pair are formed from AlGalnP. 

[Claim 7] Said barrier layer is semiconductor laser according to claim 1 which has multiplex 
quantum well structure. 

[Claim 8] One side of the cladding layers of said pair is semiconductor laser according to claim 1 
which has the 1st layer part and the 2nd layer part which are crowded on both sides of said 1st 
current block layer. 

[Claim 9] It is the semiconductor laser according to claim 8 in which said semi-conductor 
substrate is formed in from GaAs, said barrier layer contains the InGaAs layer in, the cladding 
layer of said pair is formed in from GalnP, and said 1st semi-conductor layer is formed from 
GaAs. 

[Claim 10] Said barrier layer is semiconductor laser according to claim 8 which has multiplex 
quantum well structure. 

[Claim 1 1] It is the approach of manufacturing the semiconductor laser which includes the 
process which forms a laminated structure on a semi-conductor substrate. This process [ etch / 
these some film / the process which forms the 1st cladding layer, the process which forms a 
barrier layer on this 1st cladding layer, the process which forms the film used as the 2nd cladding 
layer on this barrier layer, and / furthermore, / alternatively ] The stripe-like ridge section 
prolonged in the direction of a resonator of this semiconductor laser is formed in this film. The 
process which forms the 2nd cladding layer by it, and among this 2nd cladding layer, on parts 
other than this stripe-like ridge section The process which forms the 1st semi-conductor layer 
which has a refractive index higher than the refractive index of this 2nd cladding layer, and has 
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forbidden-band width of face larger than the forbidden-band width of face of this barrier layer, 
The manufacture approach of the semiconductor laser which includes the process which forms 
the 2nd semi-conductor layer which has forbidden-band width of face larger than the forbidden- 
band width of face of this barrier layer on this 1st semi-conductor layer. 

DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

[0001] [Industrial Application] Luminous efficiency of this invention is high and it relates to the 
semiconductor laser and its manufacture approach of the high power excellent in the stability of 
the basic transverse mode. 

[0002] [Description of the Prior Art] The semiconductor laser which produces laser oscillation 
and emits light in a light field has applications, such as the light sources for optical information 
processing, such as a laser beam printer and an optical disk, and is increasing the importance 
recently. Especially, lattice matching of the ingredient of 0.5(AlxGa 1-x) In0.5P system is 
carried out to GaAs which is a good substrate ingredient, and since it can obtain the laser beam 
which has the wavelength of the arbitration within the limits of 0.68 to 0.56 micrometers by 
changing presentation x, it attracts attention. 

[0003] Hereafter, the semiconductor laser which has oscillation wavelength with reference to 
drawing 10 to the red field of the transverse-mode control mold of the conventional double 
hetero structure is explained. This semiconductor laser is equipped with the n-GaAs buffer layer 
2, the n-(aluminum0.7Ga0.3)0.51In0.49P cladding layer 3, GaO.51InO.49P barrier layer 4, the p- 
0.51(aluminum0.7Ga0.3) In0.49P cladding layer 5, p-GaO.51InO.49P layer 6, the n-GaAs current 
block layer 13, and the p-GaAs cap layer 9 on the n-GaAs substrate 1 at this order, as shown in 
drawing 10 . The p lateral electrode 10 is formed on the cap layer 9, and the n lateral electrode 1 1 
is formed in the rear face of a substrate 1 . 

[0004] In this semiconductor laser, crystal growth techniques, such as metal-organic chemical 
vapor deposition (MOVPE law), are used. The sequential deposition of the n-GaAs buffer layer 
2, the n-(aluminum0.7Ga0.3)0.51In0.49P cladding layer 3, GaO.51InO.49P barrier layer 4, the p- 
(aluminum0.7Ga0.3)0.51In0.49P cladding layer 5, and p-GaO.51InO.49P layer 6 is carried out on 
the n-GaAs substrate 1 using these crystal growth techniques. 

[0005] Next, with a phot lithography techniques and an etching technique, p-GaO.51InO.49P 
layer 6 and the p-(aluminum0.7Ga0.3)0.51In0.49P cladding layer 5 are etched into trapezoidal 
shape, and a stripe-like ridge is formed in a cladding layer 5. The n-GaAs current block layer 13 
is alternatively deposited on the exterior of a stripe using the MOVPE method etc. after that, and 
the p-GaAs cap layer 9 is deposited further. 

[0006] With the structure of such semiconductor laser, the n-GaAs current block layer 13 can 
perform the constriction of a current. In case the p-(aluminum0.7Ga0.3)0.51In0.49P cladding 
layer 5 is etched on a trapezoid, moreover, by optimizing trapezoid height and width of face The 
effective-refractive-index difference with which are satisfied of the conditions of single 
transverse mode can be given within and without the stripe of trapezoidal shape, and light can be 
effectively confined in the stripe-like ridge lower part of a cladding layer 5 among barrier layers 
4. The width of face of a stripe is about 5 micrometers typically. 
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[0007] [Problem(s) to be Solved by the Invention] However, with the structure of the 
conventional example, GaAs with forbidden-band width of face smaller than a barrier layer is 
used as a current block layer. For this reason, this GaAs layer works as an absorption-of-light 
layer. Therefore, loss of the light by absorption is large and guided wave loss alphai in case light 
guides the inside of the resonator of semiconductor laser becomes large with abbreviation 15cm- 
1 . Consequently, the external differential quantum efficiency of semiconductor laser becomes 
small with about 60%. Moreover, in this semiconductor laser, kink level is as small as about 
12mW. Although a kink is produced when the transverse mode changes, with the structure of 
drawing 10 , it is for the mode to become easy to change with the increments in an inrush current 
easily so greatly [ the difference of the gain in a basic mode and the high order mode ]. Since 
external differential quantum efficiency is small and the stability of the basic transverse mode is 
low, with the structure of the conventional example, it is hard to obtain semiconductor laser with 
a high optical output. 

[0008] The purpose of this invention is offering the semiconductor laser of high power with the 
high stability of the basic transverse mode which solves such a technical problem and has high 
external differential quantum efficiency, and its manufacture approach. 

[0009] [Means for Solving the Problem] The semiconductor laser of this invention is the 
laminated structure formed on the semi-conductor substrate and this semi-conductor substrate. A 
barrier layer, It is the semiconductor laser equipped with the laminated structure which has the 
cladding layer of the pair which sandwiches this barrier layer, and a current constriction layer for 
pouring a current into the stripe-like predetermined field of this barrier layer. This current 
constriction layer It has the 1st current block layer formed in fields other than the field 
corresponding to this predetermined field of this barrier layer. This 1st current block layer It is 
the semi-conductor layer which has a refractive index higher than the refractive index of the 
cladding layer of this pair, and it has forbidden-band width of face larger than the forbidden-band 
width of face of this barrier layer, and the above-mentioned purpose is attained by that. 

[0010] In a certain example, the cladding layer located among the cladding layers of said pair 
more nearly up than said barrier layer has the stripe-like ridge prolonged along the direction of a 
resonator of this semiconductor laser, and said 1st current block layer has covered fields other 
than this stripe-like ridge on this cladding layer that has this stripe-like ridge. 

[001 1] In a certain example, said current constriction layer is further equipped with the 2nd 
current block layer prepared on said 1st current block layer, and this 2nd current block layer is a 
semi-conductor layer which has forbidden-band width of face larger than the forbidden-band 
width of face of said barrier layer. 

[0012] In a certain example, the cross section of said stripe-like ridge about a field perpendicular 
to said direction of a resonator is a trapezoid. 

[0013] In a certain example, the cross section of said stripe-like ridge about a field perpendicular 
to said direction of a resonator is a rectangle. 

[0014] In a certain example, said semi-conductor substrate is formed from GaAs, said barrier 
layer is formed from GalnP, and said 1st and 2nd current block layer and the cladding layer of 
said pair are formed from AlGalnP. 

[0015] One side of the cladding layers of said pair may have the 1st layer part and the 2nd layer 
part which are crowded on both sides of said 1st current block layer. 
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[0016] In a certain example, said semi-conductor substrate is formed from GaAs, said barrier 
layer contains the InGaAs layer, the cladding layer of said pair is formed from GalnP, and said 
1st semi-conductor layer is formed from GaAs. 

[0017] Said barrier layer may have multiplex quantum well structure. The manufacture approach 
of the semiconductor laser of this invention is an approach of manufacturing the semiconductor 
laser which includes the process which forms a laminated structure on a semi-conductor 
substrate. This process The process which forms the 1st cladding layer, the process which forms 
a barrier layer on this 1st cladding layer, the process which forms the film used as the 2nd 
cladding layer on this barrier layer, and by etching these some film alternatively The stripe-like 
ridge section prolonged in the direction of a resonator of this semiconductor laser is formed in 
this film. The process which forms the 2nd cladding layer by it, and among this 2nd cladding 
layer, on parts other than this stripe-like ridge section The process which forms the 1st semi- 
conductor layer which has a refractive index higher than the refractive index of this 2nd cladding 
layer, and has forbidden-band width of face larger than the forbidden-band width of face of this 
barrier layer, The process which forms the 2nd semi-conductor layer which has forbidden-band 
width of face larger than the forbidden-band width of face of this barrier layer on this 1st semi- 
conductor layer is included, and the above-mentioned purpose is attained by that. 

[0018] [Function] The current constriction layer of this invention is equipped with the 1st 
current block layer formed in fields other than the field corresponding to the stripe-like 
predetermined field of a barrier layer. This 1st current block layer has a refractive index higher 
than the refractive index of the cladding layer of a pair, and has forbidden-band width of face 
larger than the forbidden-band width of face of this barrier layer. 

[0019] The 1st current block layer has the function which prevents that a current flows into a 
barrier layer. For this reason, a current is alternatively poured only into the predetermined field 
of the barrier layer corresponding to the field to which the 1st current block layer does not exist. 
Consequently, a laser beam occurs only in the stripe-like predetermined field of a barrier layer. A 
part of this laser beam leaks in the vertical direction from a barrier layer, and it reaches a 
cladding layer and the 1st current block layer. Since the 1st current block layer has the refractive 
index higher than the refractive index of a barrier layer, a laser beam leaks from a predetermined 
stripe-like field to a longitudinal direction. Generally this reason is that light gathers in the field 
where a refractive index is high. 

[0020] the laser beam oscillated in the basic level transverse mode, and the laser beam oscillated 
in the high order level transverse mode — comparing - a case - the high order level transverse 
mode - oscillating — a laser beam ~ the direction is widely distributed by the longitudinal 
direction. For this reason, in the semiconductor laser of this invention, extent which leaks from a 
predetermined stripe-like field to a longitudinal direction is stronger than the laser beam which 
the direction of the laser beam oscillated in the high order level transverse mode oscillates in the 
basic level transverse mode. It emits and the laser beam oscillated in the high order level 
transverse mode stops for this reason, contributing to laser oscillation. In other words, the laser 
beam oscillated in the high order level transverse mode will have higher threshold gain by 
existence of the 1st current block layer as compared with the laser beam oscillated in the basic 
level transverse mode. Consequently, only the laser beam oscillated in the basic level transverse 
mode can be obtained alternatively. 
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[0021] Moreover, since it has forbidden-band width of face with the 1st current block layer 
larger than the forbidden-band width of face of a barrier layer, the laser beam generated in the 
barrier layer is not absorbed by the 1st current block layer. For this reason, propagation loss of 
racer light is reduced as compared with the conventional semiconductor laser. 

[0022] As explained above, the semiconductor laser of this invention can oscillate the laser 
beam of the basic level transverse mode by low propagation loss. 

[0023] [Example] (Example 1) The example of this invention is explained hereafter, referring to 
a drawing. 

[0024] The sectional view of the red semiconductor laser of the transverse-mode control mold of 
one example of this invention is shown in drawing 1 . 

[0025] This semiconductor laser has the double hetero structure which sandwiches 
GaO.51InO.49P barrier layer 4 (600A in thickness) through the n-GaAs buffer layer 2 by the n- 
(aluminum0.7Ga0.3)0.51In0.49P cladding layer 3 and the p-(aluminum0.7Ga0.3)0.51In0.49P 
cladding layer 5 on the n-GaAs substrate 1, as shown in drawing 1 . In the upper part of the p- 
(aluminum0.7Ga0.3)0.51In0.49P cladding layer 5, it has p-GaO.51InO.49P layer 6 (1000A in 
thickness), and a part of p-GaO.51InO.49P layer 6 and p-(aluminum0.7Ga0.3)0.51In0.49P 
cladding layer 5 is processed into the stripe-like ridge of trapezoidal shape. In a cladding layer 5, 
the thickness of parts other than 1.3 micrometers and a stripe-like ridge part of the thickness of a 
stripe-like ridge part is 0.25 micrometers. 

[0026] On the p-(aluminum0.7Ga0.3)0.51In0.49P cladding layer 5 of both the sides of a stripe- 
like ridge, n-(aluminum0.2Ga0.8)0.51In0.49P layer 7 [ 700A ] and n- 

(aluminum0.7Ga0.3)0.51In0.49P layer 8 [ 0.7-micrometer ] have accumulated. Furthermore, in 
the upper part of p-GaO.51InO.49P layer 6 and n-(aluminum0.7Ga0.3)0.51In0.49P layer 8, it has 
the p-GaAs cap layer 9. 

[0027] The width of face of the above-mentioned stripe-like ridge is the width of face which can 
take the large difference of the gain in the basic transverse mode and the high order mode, and 
the width of face has good about 7 micrometers. When extremely thinner than 7 micrometers, in 
the case of about 2 micrometers, leakage of the light to the outside of a stripe becomes large too 
much, the light which does not contribute to laser oscillation increases, the rise of a threshold 
current and loss become large, and decline in external differential quantum efficiency is brought 
about. Moreover, if stripe width of face becomes large too much, the difference of the gain in the 
basic transverse mode and the high order mode becomes small, or the ununiformity of 
impregnation of the carrier to GaO.51InO.49P barrier layer 4 will be horizontal, and will arise, the 
fall of kink level will occur, and practical use will not be borne. 

[0028] Moreover, although the cross-section configuration of a stripe-like ridge is a trapezoid in 
this example, this cross-section configuration may be a rectangle. In that case, it is desirable not 
to form layers 7 and 8 on the side face of a ridge. 

[0029] The horizontal effective refractive index decided by the configuration of each class of 
this semiconductor laser is shown in drawing 2 . the effective refractive index inside a stripe-like 
ridge — the effective refractive index of the exterior of 3.307 and a stripe-like ridge - 3.329 - it 
is - external one - 0.022 — it is high. This effective-refractive-index difference is brought about 
by n-(aluminum0.2Ga0.8)0.51In0.49P layer 7 [ 700A ] and n-(aluminum0.7Ga0.3)0.51In0.49P 
layer 8 [ 0.7-micrometer ]. The difference of big gain arises between the basic transverse mode 
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and the high order mode because of this effective-refractive-index difference. For this reason, 
since it is hard to generate a kink even if it enlarges the amount of an inrush current, a high 
optical output can be obtained in the condition that there is no kink. 

[0030] It is shown in drawing 1 1 that the difference of big gain has arisen between a basic mode 
and the higher mode because of the effective-refractive-index difference brought about by n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7 and n-(aluminum0.7Ga0.3)0.51In0.49P layer 8 here. 
Drawing 1 1 takes stripe width of face along an axis of abscissa, and takes the threshold gain gth 
along an axis of ordinate. The difference of threshold gain with the primary mode (m= 1) was 
indicated about each of (a) this invention and the (b) conventional example as a basic mode (m= 
0) and the higher mode to this drawing. The higher mode [ like / the difference of the threshold 
gain in a basic mode and the primary mode is small, and / the primary mode ] it is tends to 
produce the laser of the conventional example of (b) so that this drawing 1 1 may show. On the 
other hand, the laser (b) of this invention has the large difference of the threshold gain in a basic 
mode and the primary mode, and cannot produce the higher mode like the primary mode easily. 

[003 1] Drawing 14 shows the relation between a drive current (CURRENT) and an optical 
output (OUTPUT POWER) about the semiconductor laser of this invention. Coating of the 
outgoing radiation end face was carried out with the film of 6% of reflection factors, and the data 
shown in this graph were obtained about the semiconductor laser to which coating of other end 
faces was carried out with the film of 83% of reflection factors. The cavity length of 
semiconductor laser is 500micro. The optical output is increasing linearly according to the 
increment in a drive current until an optical output exceeds about 65mW, but after an optical 
output exceeds about 65mW, extent of the increment in an optical output falls temporarily. As 
mentioned above, in a graph, such a part is called "kink." When it is below in level with an 
optical output, a kink occurs, because the laser beam which that only the laser beam in a basic 
mode (m= 1) was oscillating has in the laser beam in the modes other than a basic mode (the 
high order mode: m>=2) and a basic mode when an optical output exceeds the level (it is called 
"kink level") begins to be intermingled. Semiconductor laser with higher kink level can stabilize 
for it and supply the laser beam in a basic mode in a high optical output. KIN ** level becomes 
high, so that the difference of the threshold gain about the laser beam in a basic mode (m= 1) and 
the threshold gain about the laser beam in other modes (m>=2) is large. 

[0032] Drawing 15 is a graph which shows the relation between the width of face of the stripe 
ridge of a cladding layer 4, and the level of the optical output which a kink generates about the 
semiconductor laser of this invention which has the structure shown in drawing 1 . 

[0033] Each cavity length of the semiconductor laser used for measurement is 350 micrometers, 
and coating of the reflective film etc. is not carried out to the both-ends side of each 
semiconductor laser. The semiconductor laser of this invention has high kink level as compared 
with the conventional semiconductor laser so that drawing 15 may show. This shows that the 
difference of the threshold gain of a basic mode (m= 1) and the threshold gain in other modes 
(m>=2) is large rather than it can set to the conventional semiconductor laser in the 
semiconductor laser of this invention. 

[0034] Moreover, n-(aluminum0.2Ga0.8)0.51In0.49P layer 7 and n- 
(aluminum0.7Ga0.3)0.51In0.49P layer 8 block the current which flows from the p lateral 
electrode 10, they carry out the constriction of the current into the stripe-like ridge of a cladding 
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layer 5, and also possess the work which pours a current into the predetermined field of a barrier 
layer 4 by it. 

[0035] In this invention, 700A n-(aluminum0.2Ga0.8)0.51In0.49P layer 7 and two kinds of 0.7- 
micrometer semi-conductor layers of n-(aluminum0.7Ga0.3)0.51In0.49P layer 8 are used in 
order to prepare a refractive-index difference within and without the stripe of trapezoidal shape. 
The layer [ 1st ] semi-conductor layer, i.e., the refractive index of n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7, is larger than the refractive index of the p- 
(aluminum0.7Ga0.3)0.51In0.49P cladding layer 5. A cladding layer and n- 
(aluminum0.7Ga0.3)0.51In0.49P layer 8 with an almost equal refractive index are used for the 
two-layer eye. Light is influenced of the refractive index of only the ingredient near the barrier 
layer 4. A stable effective refractive index can be obtained in the exterior of a stripe. The 
effective-refractive-index difference in desired stripe inside and outside is easily acquired by 
changing the thickness of n-(aluminum0.2Ga0.8)0.5iIn0.49P layer 7. That is, it will become 
small if an effective-refractive-index difference will become large if n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7 becomes thick, and it becomes thin. The refractive- 
index difference in the stripe inside and outside is controlled by adjustment of the thickness of n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7 in 0.01-0.05. 

[0036] Moreover, although the lst-layer aluminum presentation was set to 0.2 here, even if it 
changes this aluminum presentation, an effective-refractive-index difference can be changed. 
That is, if an effective-refractive-index difference will become large if aluminum presentation 
becomes small, and aluminum presentation becomes large, an effective-refractive-index 
difference will become small. 

[0037] the ingredient 0.49 with it, for example, n-(aluminum0.55Ga0.45)0.51In, - the 
fluctuation of the presentation of P layers - there is nothing ~ homogeneity - and it needs to be 
thick, for example, it is necessary to deposit 1 micrometers or more [ a refractive index higher 
than that of the p-(aluminum0.7Ga0.3)0.51In0.49P cladding layer 5 and, and ] [ very near in 
order to give the same effective-refractive-index difference in one kind of semi-conductor layer ] 
In this case, since light leaks deeply into n-(aluminum0.55Ga0.45)0.51In0.49P layer, light is 
influenced of the refractive index in the location distant distantly [ barrier layer / 4 ]. Moreover, 
if it shifts from the set point, n-(aluminum0.55Ga0.45)0.51In0.49P layer a presentation, i.e., a 
refractive index, the effective refractive index in the inside and outside of a stripe will shift. 
Moreover, if the thickness is thin, the light produced in GaO.51InO.49P barrier layer 4 will be 
absorbed by the p-GaAs cap layer 9, and loss of light energy will arise. Therefore, a possibility 
that the stability when producing semiconductor laser and repeatability may become low arises. 
In order to make a desired effective-refractive-index difference with sufficient repeatability 
correctly, it is desirable to prepare two or more kinds of semi-conductor layers. 

[0038] The optical output of this semiconductor laser and the relation of the current poured into 
semiconductor laser are shown in drawing 3 . At this semiconductor laser, an optical output can 
be obtained in the condition that there is no kink to about 30mW. Moreover, external 
differential-quantum-efficiency etaD of this semiconductor laser is as high as 85%. Since a 
horizontal effective-refractive-index difference is given, it is because n- 
(aluminum0.2Ga0.8)0.51In0.49P layer 7 and n-(aluminum0.7Ga0.3)0.51In0.49P layer 8 are 
used. This two-layer forbidden-band width of face is larger than that of Ga0.51In0.49P barrier 
layer 4. Therefore, the light generated in Ga0.51In0.49P barrier layer 4 is not absorbed, 
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therefore, as a result, guided wave loss alphai can acquire high external differential quantum 
efficiency small. Drawing 4 is an experimental result for investigating guided wave loss, and is 
drawing showing the relation of the cavity length of inverse number 1 / etaD of external 
differential quantum efficiency, and semiconductor laser. Proportionality is between 1/etaD and 
cavity length, and guided wave loss can be derived from this inclination with 4.2cm- 1. Since 
guided wave loss of the semiconductor laser of the conventional example is abbreviation 15cm- 
1, the semiconductor laser of this invention will take the value of 1 / 3 - 1/4. Therefore, it can 
explain that the external differential quantum efficiency of the semiconductor laser of this 
invention is high. 

[0039] As explanation of the semiconductor laser of this invention having a good property next, 
the result of having measured the far field pattern of this invention is shown in drawing 12 . 

[0040] (a) is output luminous-intensity distribution over the include angle of a direction level on 
each class of semiconductor laser, and (b) shows the output luminous-intensity distribution over 
the include angle of a direction perpendicular to each class. 

[0041] Small Said Rob is seen beside the peak of Maine of a far field pattern horizontal to each 
class of (a). Although this Said Rob is the description of the semiconductor laser of this 
invention, it is not that this semiconductor laser is oscillating by the higher mode, and depends 
for the light which leaked out of the ridge stripe. 

[0042] Thus, it turns out that both the semiconductor laser of this invention is oscillated by the 
basic mode from the far field pattern. 

[0043] In addition, drawing 13 explained plainly the peak of Maine shown in drawing 12 , and 
Said Rob. It is luminous-intensity distribution of a direction level on each class of semiconductor 
laser. 

[0044] As stated above, the semiconductor laser of high power can be obtained from high basic 
transverse-mode stability and high external differential quantum efficiency. 

[0045] Below, drawing 9 is used from drawing 5 R> 5, and the production approach of this 
semiconductor laser is explained. First, the n-GaAs buffer layer 2, the n- 
(aluminum0.7Ga0.3)0.51In0.49P cladding layer 3, GaO.51InO.49P barrier layer 4, the p- 
(aluminum0.7Ga0.3)0.51In0.49P cladding layer 5, and p-GaO.51InO.49P layer 6 are grown 
epitaxially on the n-GaAs substrate 1 using the crystal growth approaches, such as the MOVPE 
method, ( drawing 5 ). After making Si0212 deposit on p-Ga0.51In0.49 P layer 6, a part of 
Si0212, p-Ga0.51In0.49P layer 6, and p-(aluminum0.7Ga0.3)0.51InO : 49P cladding layer 5 are 
processed into the stripe of trapezoidal shape using a phot lithography techniques and an etching 
technique ( drawing 6 R> 6). MOVPE after processing trapezoidal shape — crystal growth is 
carried out on the p-(aluminum0.7Ga0.3)0.51In0.49P cladding layer 5 of both the sides of a 
stripe, without making n-(aluminum0.2Ga0.8)0.51In0.49P layer 7 and n- 
(aluminum0.7Ga0.3)0.51In0.49P layer 8 deposit on Si0212 as a current block layer using the 
selective growth technique of law ( drawing 7 ). Then, Si0212 is removed and crystal growth of 
the p-GaAs cap layer 9 is carried out ( drawing 8 ). Finally Cr/Pt/Au is deposited on the p-GaAs 
contact layer 9, it considers as the p lateral electrode 10, Au/germanium/nickel is deposited on 
the n-GaAs substrate 1, and it considers as the n lateral electrode 1 1 ( drawing 9 ). 

[0046] By such manufacture approach, the red semiconductor laser of a transverse-mode control 
mold as shown in drawing 1 is producible. 
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[0047] In addition, by this example, in order to establish an effective-refractive-index difference 
within and without the stripe of trapezoidal shape, two kinds of semi-conductor layers were used 
and explained, but even if it uses three or more kinds, an effective refraction difference can be 
made. 

[0048] the above-mentioned example — the effective refractive index inside the stripe of 
trapezoidal shape — it of the exterior of a stripe — 0.022 -- although it is made low, if the range of 
this effective-refractive-index difference is 0.01 to 0.05, the effectiveness of this invention is 
large. However, if an effective-refractive-index difference changes, according to it, the stripe 
width of face of trapezoidal shape must also be changed. 

[0049] In addition, the effective refractive index of the part besides a stripe-like ridge is 
controllable by changing thickness [ of the stripe-like ridge exterior of a cladding layer 5 ] h, and 
the thickness of a layer 7. The range of the thickness of 0.02-0.5 micrometers and a layer 8 has [ 
the range of the thickness of h / the range of the thickness of 0.05-0.5 micrometers and a layer 7 ] 
desirable 0.3-1 micrometer. 

[0050] Although the ingredient which constitutes semiconductor laser from an above-mentioned 
example was specified, also by the case of 0.51(AlzGal-z) In0.49P (here, it is 0 <=z<=y<=l), 
0.51(AlyGal-y) In0.49P and a barrier layer have large external differential quantum efficiency, 
and a cladding layer can produce easily the semiconductor laser of high power with high 
transverse-mode stability. 

[0051] Moreover, although the above-mentioned example explained the semiconductor laser 
which used AlGalnP for the ingredient, it cannot be overemphasized that other ingredients have 
the large effectiveness of this invention. Not only an III-V group's semiconductor laser but the 
semiconductor laser of this effect of the invention which consists of an II- VI group's ingredient is 
large. 

[0052] Although the barrier layer of the above-mentioned example is formed of the monolayer 
of an AlGalnP semi-conductor, the barrier layer which has multiplex quantum well structure may 
be used. As such a barrier layer, for example A GaO.44InO.56P well layer (8nm in thickness), A 
0.51In0.49P barrier layer (5nm in thickness), (aluminum0.45Ga0.55) A GaO.44InO.56P well 
layer (8nm in thickness), a 0.51(aluminum0.45Ga0.55) In0.49P barrier layer (5nm in thickness), 
and the barrier layer included the GaO.44InO.56P well layer (8nm in thickness) may be used. 
Since 0.5% of compressive strain has arisen in three well layers, such a barrier layer is called a 
distorted multiplex quantum well barrier layer. This multiplex quantum well barrier layer is 
sandwiched by the 0.51(aluminum0.45Ga0.55) In0.49P optical confinement layer (lOnm in 
thickness) of the pair which touches a cladding layer. 

[0053] (Example 2) With reference to drawing 16 , other semiconductor laser by this invention 
is explained. 

[0054] This semiconductor laser has the laminated structure formed on the n-GaAs substrate 61 
and the n-GaAs substrate 61. A laminated structure in an order from the side near the n-GaAs 
substrate 61 The n-Ga0.51In0.49P 1st cladding layer 62, the 1st optical confinement layer of 
GaAs (Thickness: 1.5 micrometers) 63, the deformation amount child well barrier layer 64, the 
2nd optical confinement layer (thickness: 0.01 micrometers) 65 of GaAs, the p-GaO.51InO.49P 
2nd cladding layer 66, the n-GaAs current block layer (thickness: 0.15 micrometers) 67, a p- 
GaAs cap layer (Thickness: 0.01 micrometers) (Thickness: 3 micrometers) 68 is included. The p 
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lateral electrode 69 is formed on the p-GaAs cap layer 68 of a laminated structure, and the n 
lateral electrode 70 is formed in the rear face of the n-GaAs substrate 61. 

[0055] The deformation amount child well barrier layer 64 has the quantum well structure which 
1st well layer (thickness: 7nm) of InO.2GaO.8As 64a, GaAs barrier layer (thickness: lOnm) 64b, 
and 2nd well layer (thickness: 7nm) of InO.2GaO.8As 64c form. 

[0056] The p-GaO.51InO.49P 2nd cladding layer 66 is divided into 1st layer partial (thickness: 
0.2 micrometers) 66a which touches an optical confinement layer, and 2nd layer partial 
(thickness: 1.5 micrometers) 66b which touches the p-GaAs cap layer 68. Between 1st layer 
partial 66a of the p-GaO.51InO.49P 2nd cladding layer 66, and 2nd layer partial 66b, the n-GaAs 
current block layer 67 is located. 

[0057] The n-GaAs current block layer 67 is formed in fields other than the field corresponding 
to the predetermined field (current impregnation field) of the shape of a stripe of the deformation 
amount child well barrier layer 64. In other words, the n-GaAs current block layer 67 has stripe- 
like opening to the field corresponding to the current impregnation field of the deformation 
amount child well barrier layer 64. The width of face W of opening has specified the width of 
face of a current impregnation field. Although this width of face w is 6 micrometers typically, 
various values may be chosen from about 3 micrometers in the range of about 8 micrometers. 
The n-GaAs current block layer 64 has a refractive index higher than the refractive index of the 
p-GaO.51InO.49P 2nd cladding layer 66, and has forbidden-band width of face larger than the 
forbidden-band width of face of a barrier layer 64. 

[0058] The effective-refractive-index difference in the inside and outside of a stripe-like current 
impregnation field is controllable by adjusting thickness [ of 1st layer partial 66a of the p- 
GaO.51InO.49P 2nd cladding layer 66 ] h, and thickness d of the n-GaAs current block layer 67. 
The thickness of 1st layer partial 66a of the p-GaO.51InO.49P 2nd cladding layer 66 may be 
chosen from about 0.05 micrometers in the range of about 0.5 micrometers, and the thickness of 
the n-GaAs current block layer 67 may be chosen from about 0.02 micrometers within the limits 
of about 0.5 micrometers. 

[0059] Also in the semiconductor laser of this example, the same effectiveness as the 
semiconductor laser of this invention which has the structure mentioned above is acquired. 

[0060] As the above-mentioned cladding layer, an AlxGal-xAs (0.2<=x<=0.7) layer or (AlxGa 
1-x) 0.51In0.49P (0<=x<=l) layer may be used. (AlxGa 1-x) When 0.51In0.49P (0<=x<=l) 
layer is used for a cladding layer, it becomes possible to make the hetero barrier height between a 
barrier layer and a cladding layer higher than the height in this example. For this reason, the 
semiconductor laser which can operate to stability at an elevated temperature more is offered by 
adopting such a cladding layer. 

[0061] [Effect of the Invention] According to the semiconductor laser of this invention, to the 
exterior of the stripe of the cladding layer of (1) semiconductor laser, since a semi-conductor 
layer with it is provided at least from the above-mentioned cladding layer, since loss of the light 
by absorption is small, guided wave loss can be made small, and external differential quantum 
efficiency can obtain the semiconductor laser of the extremely stable high power of the basic 
transverse mode highly. [ a high and refractive index and ] [ larger than the forbidden-band width 
of face of a barrier layer ] 
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[0062] The process which carries out the laminating of the 1st cladding layer, a barrier layer, 
and the 2nd cladding layer one by one on (2) semi-conductor substrate according to the 
manufacture approach of the semiconductor laser of this invention, A part of 2nd cladding layer 
on the 2nd cladding layer of the process processed into the stripe of trapezoidal shape, and the 
exterior of this stripe It has the process which carries out the laminating of at least two or more 
kinds of semi-conductor layers in order to prevent impregnation of a current. Since it has the 
refractive index from which said two or more kinds of semi-conductor layers differ, guided wave 
loss of light can be made small and external differential quantum efficiency can produce easily 
the semiconductor laser of the extremely stable high power of the basic transverse mode with 
sufficient repeatability highly. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the red semiconductor laser of the transverse-mode control 
mold of the example of this invention 

[Drawing 2] Drawing showing an effective refractive index horizontal to the layer of the 
semiconductor laser of the example of this invention 

[Drawing 3] Drawing showing the optical output of the semiconductor laser of the example of 
this invention, and the relation of a current 

[Drawing 4] Drawing showing 1/etaD of inverse numbers of external differential quantum 
efficiency, and the relation of cavity length in drawing for explaining the effectiveness of this 
invention 

[Drawing 5] The 1st order sectional view showing the production process of the semiconductor 
laser of this invention of a process 

[Drawing 6] The 2nd order sectional view showing the production process of the semiconductor 
laser of this invention of a process 

[Drawing 7] The 3rd order sectional view showing the production process of the semiconductor 
laser of this invention of a process 

[Drawing 8] The 4th order sectional view showing the production process of the semiconductor 
laser of this invention of a process 

[Drawing 9] The 5th order sectional view showing the production process of the semiconductor 
laser of this invention of a process 

[Drawing 10] The sectional view of the red semiconductor laser of the conventional example 

[Drawing 1 1] Drawing explaining the difference of the threshold gain in this invention, the basic 
mode of the conventional example, and the primary mode 

[Drawing 12] Drawing showing the far field pattern of the semiconductor laser of this invention 

[Drawing 13] Drawing showing the far field pattern of a direction level on each class of the 
semiconductor laser of this invention 
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[Drawing 14] Drawing showing the drive current of the semiconductor laser which prepared the 
coating film of 6% of reflection factors in the outgoing radiation end face, and prepared 83% of 
coating film in other end faces, and the relation of an optical output in drawing showing the 
property of the semiconductor laser of this invention 

[Drawing 15] Drawing showing stripe width of face and the relation of the optical output which 
generates a kink about the semiconductor laser of this invention 

[Drawing 16] The sectional view of the semiconductor laser of the transverse-mode control mold 
of another example of this invention 

[Description of Notations] 

1 N-GaAs Substrate 

2 N-GaAs Buffer Layer 

3 N-(Aluminum0.7Ga0.3)0.51In0.49P Cladding Layer 

4 GaO.51InO.49P Barrier Layer 

5 P-(Aluminum0.7Ga0.3)0.51In0.49P Cladding Layer 

6 P-Ga0.5 1 In0.49P Layer 

7 N-(Aluminum0.2Ga0.8)0.5 lIn0.49P Layer 

8 N-(Aluminum0.7Ga0.3)0.51In0.49P Layer 

9 P-GaAs Cap Layer 

10 P Lateral Electrode 
UN Lateral Electrode 

12 Si02 

13 N-GaAs Current Block Layer 

61 N-GaAs Substrate 

62 N-GaO.51InO.49P Cladding Layer 

63 GaAs Optical Confinement Layer 

64 Deformation Amount Child Well Barrier Layer 
64a InO.2GaO.8As - a well - a layer 

64b GaAs barrier layer 

64c In0.2Ga0.8As - a well - a layer 

65 GaAs Optical Confinement Layer 

66 P-GaO.51InO.49P Cladding Layer 

66a The 1st layer which touches an optical confinement layer 
66b The 2nd layer which touches the p-GaAs cap layer 68 

67 N-GaAs Current Block Layer 

68 P-GaAs Cap Layer 

69 P Lateral Electrode 

70 N Lateral Electrode 
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